INTRODUCTION
The chromite and quicksilver deposits of the Del Puerto area are in T« 6 S., R. 5 E., Mt. Diablo meridian, in the central 79 part of the California Coast Range. The area is in Stanislaus County, about 25 miles west of Patterson ( fig. 4 ). There are active manganese, magnesite, chromite, and quicksilver mines and prospects within 5 miles of the area, but these were not studied during this examination. The area is accessible by way of a graded dirt road from Patterson, which is on the Southern Pacific Railway and is the shipping point for the mines. The maximum relief from the highest hills to the level of Puerto Creek is 2,000 feet, and much of the terrain is exceedingly rough, precipitous, and brushy. Puerto Creek generally flows the year round, and carries enough water for milling on a small scale, but elsewhere water is scarce during the dry season, which commonly lasts from June to December.
Basis of report
The present report is based on 10 weeks of field work from mid-November 1940 until late January 1941, and 4 days in May 1941o An area of 5^-square miles in and about Del Puerto Canyon was mapped on a scale of 600 feet to 1 inch, and two small areas The only published report on the Del Puerto chromite deposits is in Bulletin No. 76 of the California State Mining Bureau, which describes the properties as they were early in 1918.
History of mining
Chromite. Chromite mining in the Del Puerto area began in 1916, though before that magnesite, manganese, and quicksilver had been mined or prospected for. In the two years following 1916, there was extensive prospecting for chromite; several small high-grade deposits were developed, and they yielded, in all, 3,600 tons of shipping ore. A mill for treating dissemi- After the war, however, the market for chromite collapsed; railway service was discontinued, and the properties were shut down. Valley mine has been cleaned up and provided with a hoist, installed preparatory to its reopening; a 50-ton furnace also is being set up at the property.
GEOLOGY
The chromite deposits occur within a large elongate body of ultrabasic rocks, locally called serpentine, which trends in a general easterly direction as shown in figure 5 and plate 10.
On the southern and part of the northern contacts, the ultrabasic rocks are faulted against metamorphosed Franciscan sandstones and shales probably of Jurassic age. Less metamorphosed sandstones and shales of Upper Cretaceoxis age lie to the northeast of the ultrabasic rocks, from which they are separated in most places by gabbroic intrusions. The quicksilver deposits are found in both Franciscan and Cretaceous rocks. fig. 7 ) and in the narrow strip of dunite in Peachtree Canyon. The ore is not distributed systematically with respect to the contacts of the dunite, or of the ultrabasic mass as a whole.
Ore structure. An outstanding feature of the massive ore, and of much of the granular ore also, is its localization in shear zones; in all but one of the 11 deposits that contain massive chromite, the ore lies in well-defined fissures. Throughout the area the strike of the ore associated with fissure zones is remarkably consistent, never deviating more than a few degrees from east, and is almost parallel to the direction of elongation of the Del Puerto ultrabasic body. The ore shows none of the strong foliation or other evidences of shearing which prevail in the barren country rock, and it thus appears to have been emplaced after the zone of shearing had already been largely or entirely developed. In some other occurrences, also, of fissure ore, irregular veinlets and stringers of massive chromite follow joints and fill spaces between breccia fragments in the shear zone (see fig. 6 ), so that the jointing and brecciatlon must have occurred before the emplacement of the ore.
A large part of the chromite ore, therefore, came to its present position when the ultrabasic rocks were rigid enough to be broken, and to afford openings in which chromite could be deposited. The ore-bearing fluids did not migrate far, for very little ore has transgressed the limits of the parent dunite.
Several deposits of chromite appear to have been fed through fault fissureso The ore at the easternmost workings on the north side of Adobe Canyon (locality 2 on pi, 11) is thought to be related to a fault that strikes Ho 85° W» and dips 75° N.
The chromite occurs in horizontal sheets of massive and granular ore| the sheets are thickest, most numerous, and of highest grade next to the fault, and they decrease in size and grade away from it on both sides. Small pods of massive chromite also occur in the fault fissure itself. The present fissure, which is later than most of the ore structures, is probably the result of reopening along the original fissure which formed the ore channel,, Prospecting in this type of deposit should be guided by traces of such original ore channels as well as by the horizontal layering of the ore 0 A related but slightly different type of deposit occurs at the NOo 5 property (pi. 11). It is a single discontinuous sheet of granular chromite a few inches wide on the average and having a total length of 600 feet. The tabular shape of this body points to localization along a plane of weakness, which presumably was developed in late magmatic time, for, apart from the presence of the ore, all traces of the presumed fissure have been destroyed by recrystallization of the olivine. A similar "sheeting" structure is common in many of the small deposits of disseminated chromite throughout the area. The attitude of the chromite sheeting, wherever it could be observed, is indicated on plate 11 0 It has no consistent orientation comparable with that of the ore fissures.
Recommendations
Exploration for new deposits in the vicinity of mines that have been exhausted should be concentrated along the fissure zones, which appear to have controlled the original ore. There is no apparent, reason why more ore bodies of the types already found should not be uncovered by further development of the known ore zones. It should not be expected, however, that new deposits will be any larger than those that have been already found and mined out. 
Reserves
Except for the fact that most of the higher-grade ore is bounded by the limits of a zone of shearing, no means was found of predicting the thickness or grade of ore beyond what can be seen. The figures given in the table on page 82 were derived by computing the product of the average width of the ore body, the exposed length, and an assumed average depth taken as one-quarter of the exposed length an assumption that is thought to be conservative. It is likely that further exploration may uncover tonnages in excess of these estimates. In the Del Puerto area as a whole, the ore in sight as. The main workings (1) are situated on the northeast slopes of Adobe Canyon a few hundred feet from its confluence with 2/ Puerto Creek. E. L. Young 'described this mine as follows:
Ore was found outcropping around the west, southwest, and south sides of a hill and dipping into the hill. The occurrence was very irregular and the ore varied in grade from a good shipping grade to ore too poor to mill. The ore was mined from open cuts, the largest of which was over 100 feet in length and 30 feet in depth. In this ore body there was a center core of high-grade blocks of chromite surrounded by a much larger tonnage of disseminated ore mixed with serpentine. Smaller cuts showed smaller quantities of shipping ore and very little milling ore. The ore bunches are not shown to be on the same fracture, but their positions indicate that such is the case. The largest deposit (3) was opened up on the west side of the canyon,, It was inaccessible at the time of the present 3/ examination, but it is described by E 0 L. Young 'as follows:
A large open cut which was made in mining high-grade chromite found on the railroad grade on the north bank of Puerto Greeko Ore was found to crop out almost continuously for 200 feet along the road cut and to extend flat into the hill for from 30 to 70 feet. The deposit was mined partly by open cut and partly by tunnels and flat stopes and has produced to date over 800 tons of shipping ore. The high-grade ore forms a ledge and has a flat dip to the east. This ore is from a few inches to several feet in thickness and is almost continuous. Most of it has been mined out, but directly under it and separated from it by from 1 foot to 8 feet of serpentine is a ledge of disseminated ore of about 15 percent grade. This has been opened up by a number of drifts since May 1918 and is now furnishing about 20 tons of concentrating ore, which is the mill run of the Chrome Concentrating Co. Two thousand tons of ore have been milled from this ledge, which is from 2 to 5 feet in thickness, over 300 feet long, and 90 feet in maximum breadth. There remains blocked out between 1,500 and 2,000 tons of milling ore, with fair chances.of new ore being found, for the ledge has not been found to give out but to pinch to a size where it will not pay to mine,, This whole block of ground has caved and slid into the can- In 1917 about 50 tons of 38-percent ore was mined on this property, which was all the ore that was exposed on the surface. There remained only a fracture in the serpentine, which showed a plain trace of chrome in very small bunches. A tunnel passing some 20 feet under this open cut and following the fissure showed 90 feet of almost continuous ore, varying in width from 1 to 6 feet. Prom this tunnel a winze is now being sunk. The incline is about 5 feet high, measured normal to the dip, and followed the ore all the way down. The ore varies in width from 2 feet to the full height of the winze, with ore of unknown U/ Young. 1. L., op. clt. depth still In the hanging wall. The winze is still being sunk, and is in ore at the bottom. The ore is massive and fairly hard, being different from any other ore found in the district; all the other properties have a soft granular ore, enclosing soft serpentine and magnesite. Chromite found outcropping on the east and west side of a hill about 400 feet above Puerto Creek. Mined by an open cut on the west side, showed a length of about 50 feet and extended down to along its dip for about 35 feet to a pinch. More than half of the ore in this mine was mined and no work was.done to try and see if it did not repeat in depth on the fissure. Ledge seems to have had a strike of S. 80° W. and dip flat to the north. The deepest part of the cut was not over 15 feet and from this cut over 500 tons of 43 percent chrome ore was shipped 5/ Young, E. L., op. cit.
Idem.
and the waste dump is full of small pieces, which would probably make up at least 50 tons more if they could be recovered.
On the east side of the hill and about 5'00 feet distant an outcrop was found and mined by an open cut and a short tunnel from this cut following the ore, and a stope almost to the surface from the tunnel. This showing also produced several hundred tons of 43 percent ore, but when the ore gave out the work stopped and no prospecting was ever undertaken. The showings are probably on the same fracture, although there is a slight difference in strike and dip.
The ore in the western deposit appears to have been localized in the wide shear zone separating the ultrabasic rocks from the Franciscan sedimentary rocks; the relations in the eastern deposit are obscure. Since, according to Young, no systematic attempt was made to explore the ore zones after the ore bodies were mined out, further exploration might be worth while. The past production record and the apparently low grade of the ore at the three properties indicate that the reserves are very small and that no production is likely to be made except when prices are very high; and even then it is doubtful whether the annual production would be more than a few flasks. Franciscan sandstone and chert form the country rock. The main body of ore is exposed on the surface at the collar of a caved shaft, and it is encountered in a drift 70 feet below the surface exposure (figo 13). In the drift, the ore is localized on the southwest side of a fault striking N. 40° W. and dipping 70° HE. to 83° SW., which separates chert on the east from sandstone on the west. A stope roughly 40 feet long by 15 feet high and 5 feet wide has been mined out, and the ore has been piled on the dump. The cinnabar is irregularly distributed as fracture fillings in a 5-foot fracture zone in the sandstone. Near the southeast end of the drift, sandstone lies on both sides of the fault, the fissure zone narrows to less than 2 feet, and the ore dies out. A lower tunnel was driven, presumably to intersect the ore at greater depth, but was abandoned before the fissure was reached; a trace of cinnabar is exposed at its portal. With few exceptions the workings have caved and are inaccessible. As well as could be determined, the ore is localized in fissures in the footwall of a fault that separates serpentine from sandstone and chert of the Franciscan formation. Three 7/ separate veins were mined from a shaft and three adit levels.
In 1915-16 this mine produced 200 flasks of quicksilver from ore averaging 5 to 6 pounds of mercury to the ton. The ore was burned nearby in a 50-ton Scott furnace.
Tj Bradley, ff. W., Quicksilver resources of California: California State Min. Bur. Bull. JS, p. 199, 1918. O
